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/ 'm) Notre Dame University. Department of Mechanical Engineering
/' Test #2-MEN210 (Thermodynamic I) Open book:1hr 30 minutes
Dr. Gabi Nehme. PhD

Probiem#1(15pt)
Alr enters a 0.6 m diameter fan at 16°C and 101kPa (absolute pressure), and is discharged
at 18°C and 105kPa and exit volume flow rate of 0.5 m’/s. Find the mass flow rateof air
in kg/s and the inlet and exit velocities in m/s. R=287J/kg-K for air.
e S
Problem#2(4,3,8pt)
I. What is Carnot cycle?
2. Is the following statement true or false? “It is impossible for any system to
operate in such a way that the sole result would be an energy transfer by heat from
a cooler body to a hotter body”.
3. If a refrigerator that requires a power input of 900 W cools a freezer compartment
at a rate of 8000 kJ/hr, what 1s the coefficient of performance for the refrigerator?
What is the rate at which heat is transferred to the surrounding room?

Problem#3(7,8pt)
A cycle has a heat input of 2500 ki/kg, produces 950 kJ/kg of electric power, requires
10kJ/kg of power to move the working fluid, and has waste heat in the amount of 1560
kl/kg.
a) What is the thermodynamic efficiency, n, of the cycle?
b) If the plant produces 100MW of electrical power, what is the mass flow rate of
the working fluid, in kg/s?

Problem #4(20pt) D

An ideal gas is contained in a closed rigid tank fitted with an electric resistor. The electric
resistor adds energy to the system at a rate of 100 W and energy leaves the system via
heat transfer at a rate of 25 W. If the mass of gas is 3 kg and the temperature change over
12 minutes is 50 K, determine the constant volume 7speciﬁc heat, C,, in units of kJ/kg-K.

. — 7 . v
Problem#5(15pt) YA N Cv= Q/T,-

- An ideal gas at 600kPa and 700 K is confined to one side of a rigid, insulated container
divided by a partition. The other side is initially evacuated. The partition is then removed
and the gas expands to fill the entire container. The initial volume is 0.3 m> and the final
volume is 0,8 m’. Find the final pressure in the container.
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Problem#6(20pt) - = oA [ Cwd 973
In our everyday life disorder means a lot of places where our lost key may be found. The
greater the number of possible traveled locations, the greater the disorder to find the key
i1s. Disorder is measured with the help of special quantity — entropy S.
If entropy is defined as such: S =k In I". Where k is Boltzmann’s constant and I is the
number of microstates. A molecule is confined to a final space that cannot travel to the
other 5 sections of the overall space. The molecule was in an initial free space that can
move freely inside. k = 1.38x10™ J/K. . : —— ,

Y Find the dS of the system and explain the disorder. = ,\(‘@ L = [W\/"'u“t =4 ’\\
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